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Abstract 
Management practices can play an important role in affecting animal health. Sub-clinically ill animals entering harvest 
can have pleural adhesions known as peel-outs. The focus of this study was to examine how these pleural adhesions can be 
associated with Salmonella and respiratory pathogens, as well as to get a national estimate of peel-outs. The results suggest 
pleural adhesions are not significantly associated with Salmonella or respiratory bacterial contamination.  
 
Introduction 
With increased scrutiny being placed on management practices such as housing and antibiotic usage, it has become more 
important than ever to study how changes in these practices can affect animal health. While clinically ill animals will not 
pass ante-mortem inspection, it is possible that animals with subclinical illness or lesions could pass inspection and be 
harvested. These animals could in turn be more likely to harbor pathogens that could cause food-borne illness, such as 
Salmonella. 
One possible source of contamination is what is referred to as a peel-out, or a pleural adhesion which does not allow for 
complete removal of the viscera. As a result, extra trimming is required. A previous study found that approximately 7% or 1 
in 15 carcasses had some degree of pleural adhesions, and carcasses with peel-outs were 90% more likely to be contaminat-
ed with Salmonella.1
To our knowledge, this is the only study conducted on peel-outs, and the findings were isolated to one plant. No studies 
have been conducted examining which pathogens are associated with peel-outs. The hypothesis is that Streptococcus suis, 
Pasteurella multocida, Actinobacillus pleuropneumoniae, Haemophilus parasuis, and Actinobacillus suis may be possible 
causes of peel-outs, as these pathogens are associated with pleuritis and respiratory illness. 
The objectives of this study are threefold: 1) estimate the prevalence of peel-outs across the country, 2) determine what 
common respiratory pig pathogens are more likely to be associated with peel-outs, and 3) determine if peel-outs are associ-
ated with an increase in food-borne pathogens (specifically Salmonella). 
Materials and Methods  
Sample Collection 
Six different slaughtering facilities were selected from different geographical areas. Two sets of samples were collected: lung 
samples immediately after evisceration and pleural swabs after the final trimming and before the final carcass wash. One 
person identified the cases and controls, and labeled with numbered tags or food-grade markers, depending on the individ-
ual plant’s preference. Selected carcasses were separated by at least 10-15 non-selected carcasses. Cases and controls were 
selected in random order to blind the person doing the pleural swabs.  On a separate sheet it was recorded if the carcass 
was a case or control, allowing for blinding during bacteriological analysis. The total number of carcasses, both cases and 
controls, were counted to determine peel-out frequency.  
A piece of lung measuring approximately 1-2 inches in diameter was taken for the lung collection. Scissors were dipped in 
alcohol or 180° water (depending on plant preference) and changed frequently.  Disposable gloves were worn throughout 
and also changed frequently. However, because the lung surface was seared before analysis, it was not necessary to change 
gloves and scissors after each sample was collected. 
For the pleural swab collection, 18 oz Whirl-Pak bags with Speci-Sponges were used. The sponges were hydrated with 10 
ml of buffered peptone water. After the final trimming and before the final carcass wash, both sides of the carcass were 
swabbed. Gloves were changed after each swab to prevent cross contamination. Both sets of samples were put on ice until 
analysis could be performed. 
 
Bacteriological Analysis  
Samples were submitted for bacteriological isolation at the Iowa State University College of Veterinary Medicine Veterinary 
Diagnostic Laboratory in Ames, IA. Lung and pleural swabs were initially set up on 5% sheep blood agar and incubated 
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aerobically with 10% CO2, as well as incubated anaerobically. Additionally, samples were streaked onto 4% bovine blood 
agar and Tergitol 7 and incubated aerobically without CO2. A Staph nurse colony was added to the sheep blood agar plate 
and 4% bovine blood agar plate. Plates were examined once a day for three two days. Typical Haemophilus parasuis, Ac-
tinobacillus pleuropneumoniae, Pasteurella multocida, Streptococcus suis, and Actinobacillus suis isolates were identified 
with biochemical testing, gram stain, and matrix-assisted laser desorption time of flight mass spectrometry. Additional 
bacterial populations were identified if they had significant growth. 
For Salmonella isolation, 100 ml of buffered peptone water (BPW) was homogenized in the Whirl-Pak bag with Spe-
ci-Sponge and incubated for 18hrs at 35°C). Subsequently 0.1 ml of BPW was transferred to 10 ml of Rappaport-Vassil-
iadis (RV) broth 
and incubated for 
18 hours at 42°C. 
Aliquots (10µl) 
of RV broth were 
streaked onto XLT4 
and Brilliant Green 
with Novobiocin 
agars.  Suspect colo-
nies were confirmed 
as Salmonella with 
biochemical analysis 
(lysine-iron agar, 
motility-indole-ly-
sine agar) and slide 
agglutination with 
polyvalent anti-O 
sera.
Statistical Analysis 
Data was analyzed 
using SAS© 9.2 
using two logistic 
regression models: 
a univariate model 
testing for Salmonel-
la contamination as 
a result of peel-outs, 
and a multivariate 
model testing for 
peel-outs as a result 
of bacterial contam-
ination. Three differ-
ent replicates were 
run: Trial 1, Trial 2, 
and both trials put 
together. Frequency 
counts and per-
centages were given 
for Salmonella and 
bacterial contam-
ination for both 
case and control 
carcasses (Table 1). 
The odds ratios, beta 
estimates, standard 
1Table 1. Frequency counts and percentages for Salmonella and bacterial contamination
Trial 1 Trial 2** Total
Lesioned 
carcass
Non-lesioned 
carcass
Lesioned 
carcass
Non-lesioned 
carcass
Lesioned 
carcass
Non-lesioned 
carcass
Salmonella 17 (5.28%) 13 (4.05%) 13 (6.50%) 8 (4.08%) 30 (5.75%) 21 (4.06%)
Streptococcus suis 71 (22.54%) 59 (19.09%) 52 (25%) 55 (27.23%) 123 (23.52%) 114 (22.31%)
Pasteurella  
multocida 32 (10.16%) 42 (13.60%) 14 (6.73%) 13 (6.44%) 46 (8.80%) 55 (10.76%)
Actinobacillus  
pleuropneumoniae 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Haemophilus  
parasuis 0 (0%) 1 (0.32%) 0 (0%) 0 (0%) 0 (0%) 1 (0.20%)
Actinobacillus  
suis 0 (0%) 1 (0.32%) 0 (0%) 0 (0%) 0 (0%) 1 (0.20%)
Table 2. Statistical analysis for Salmonella contamination
Salmonella contamination
Explanatory 
variable
Lesions
Response β SE OR 95% CI Chi-square p-value
0: non-lesioned carcasses 
1: lesioned carcasses
referent
Trial 1 0.2780 0.3772 1.321 (0.631-2.766) 0.5434 p=0.4610
Trial 2** 0.4908 0.4611 1.634 (0.662-4.033) 1.1333 p=0.2871
Total 0.3647 0.2915 1.440 (0.813-2.550) 1.5651 p=0.2109
Table 3. Statistical analysis for bacterial contamination* 
Peel-outs
Explanatory variable
Streptococcus suis
Response β SE OR 95% CI Chi-square p-value
0: negative
1: positive
referent
Trial 1 0.2329 0.1990 1.262 (0.855-1.864) 1.3706 p=0.2417
Trial 2** 0.0418 0.2301 1.043 (0.664-1.637) 0.0329 p=0.8560
Total 0.1520 0.1502 1.164 (0.867-1.563) 1.0245 p=0.3114
Pasteurella multocida
0: negative
1: positive
referent
Trial 1 -0.3545 0.2510 0.701 (0.429-1.147) 1.9960 p=0.1577
Trial 2** -0.0374 0.4067 0.963 (0.434-2.138) 0.0085 p=0.9267
Total -0.2643 0.2122 0.768 (0.507-1.164) 1.5521 p=0.2128
1 *Inadequate data for statistical analysis of Actinobacillus pleuropnuemoniae, Haemophilus parasuis, and Actinobacillus suis  
**Data collection still in progress                     
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errors, 95% confidence intervals, chi-square and p-values were also recorded for each model (Table 2 & 3). All results were 
pooled together.  
Results 
For the first sampling period, 643 carcasses were tested for Salmonella (322 cases and 321 controls) and 624 carcasses were 
tested for respiratory pathogens (315 cases and 309 controls.)  For the second sampling period, 396 carcasses were tested 
for Salmonella (200 cases and 196 controls) and 410 carcasses were tested for respiratory pathogens (208 cases and 202 
controls.) (The second sampling period is still ongoing.) The total number of carcasses tested for Salmonella to date is 1,039 
(522 cases and 517 controls) and for respiratory pathogens is 1,035 (523 cases and 511 controls.) (Some samples had to be 
discarded due to either misclassification, or the carcasses being railed off before the pleural swab collection.) The preva-
lence of peel-outs varied significantly between plants, with a range of 2.64%-28.39% for the first sampling period (average 
8.31%). The prevalence of peel-outs for the second sampling period varied from 4.08%-10.96% (average 7.82%). Overall, 
the prevalence of peel-outs varied from 2.64%-28.39%, with an average of 8.11%.  
Discussion 
Based on previous research, it was hypothesized that carcasses exhibiting peel-outs would be more likely to be contami-
nated with Salmonella, and that common respiratory pathogens would cause peel-outs. However, the data gathered does 
not support these hypotheses. While this study did have a significantly larger sample size than the previous study, we were 
only able to spend one day at each plant for each sampling period. Because bacteria counts and peel-out prevalence could 
vary from day to day, it would be beneficial if sampling was taken over multiple days. Also, it is possible that there are other 
respiratory pathogens that are more associated with peel-outs. Additional microbial testing could help answer this research 
question. 
Conclusions 
The data suggests that Salmonella contamination and respiratory pathogens are not highly associated with pleural adhe-
sions as previously thought. Because there is limited information in this area, further research is needed.  
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